Cao et al.: Effects of spraying zinc fertilizer on the physiological and photosynthetic characteristics of millet plants (Setaria italica L.) at different growth stages -8121 -APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 17(4):8121-8138. Abstract. Pot experiments were conducted from May 2017 to October of 2017 at the cultivation base of the Resource and Environment College of the Shanxi Agricultural University in China. The physiological and photosynthetic characteristics of different cultivars treated with different Zn concentrations at different growth stages were investigated to determine the optimum spraying period and spraying concentration of Zn fertilizer (ZnSO4•7H2O) in Millet plants (Setaria italica L.). Results showed that spraying low Zn concentrations (20, 40, and 60 mg·L −1 ) solutions decreased the malondialdehyde content, Ci (intercellular CO2 concentration), and qN (non-photochemical quenching coefficient) but increased antioxidant enzymatic activities, pigment content, photosynthetic gas exchange parameters (except Ci), and chlorophyll fluorescence parameters (except qN). By contrast spraying high Zn concentration (80 and 100 mg·L −1 ) showed opposite effects. Moreover, 'Jingu 21' (susceptible variety, conventional cultivar) showed more remarkable variation higher than 'Zhangzagu10' (resistant variety, hybrids). Thus, low Zn concentration promoted plant growth, while high Zn concentration inhibited plant growth, which was most pronounced during the Millet booting stage. The optimal conditions were booting period and 40 mg·L −1 of Zn. Thus, a theoretical basis for the efficient use of Zinc Fertilizer in Millet is provided. Cao et al.: Effects of spraying zinc fertilizer on the physiological and photosynthetic characteristics of millet plants (Setaria italica L.) at different growth stages -8122 -APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 17(4):8121-8138.
Introduction
Zinc is an essential element in human health and an indispensable trace element in animal and plant growth (Gartler et al., 2013) . As the only metal element to be simultaneously present in six enzymes, Zn plays an important regulatory role in plant photosynthesis, protein and nucleic acid metabolism, auxin metabolism, biofilm stability, and cell division (Prasad and Hagemeyer, 1999; Kabata-Pendias and Pendias, 2001) . In recent years, plants have taken away substantial amount of nutrients from the soil because of the growing area of crops and the gradually increased yield (Feng, 2010) . In addition, the amount of organic fertilizer applied in the field has generally declined (Mutegi et al., 2012) , and trace elements could not be replenished in time. Thus, the available Zn in the soil gradually decreased with the passage of time. This phenomenon resulted in the prevalent deficiency of Zn in crops (Carroll and Loneragan, 1968; Alloway, 2009 ). Zn deficiency can cause dwarf plants, short internodes, suppression of leaf expansion and elongation, leaflets, twisted leaves, and wrinkled leaf margins. Albino corn seedlings and stiff Miller of rice seedlings are due to Zn Hebei Province, China.) and 'Jingu 21' (provided by the Institute of Millet Research, Shanxi Academy of Agricultural Sciences, China). The soil used was calcareous soil, with pH value of 8.51, organic matter content of 21.02 g/kg, alkali nitrogen content of 52.37 mg/kg, available phosphorus content is 21.98 mg/kg, available potassium content of 21.98 mg/kg, total N content of 1.180 g/kg, total P content of 1.261 g/kg, and total K content of 20.18 g/kg. The seeds were sown on May 31, 2017. After 20 days of thinning out the seedlings, five seedlings were left in each pot.
Treatment details and allocation
The experiment was conducted in a completely random design. The seeds of 'Zhangzagu 10' and 'Jingu 21' were separately sown in pots with a diameter of 32 cm and a height of 26 cm under normal water content, and each pot was filled with 10 kg of soil, the cultivation temperature was 22-35℃, relative humidity of atmosphere was 70-80%. The seeds were normally watered daily after germination to ensure the normal growth of the seedlings (by weighing method, the Moisture field was maintained at 13%-15%). Different concentrations of ZnSO4•7H2O solution were sprayed at the seedling stage (SL, 35 d after planting), booting stage (BT, 60 after planting), flowering stage (FE, 70 d after planting), and filling stage (FL, 90 d after planting). A control (no Zn application) was set simultaneously, and each treatment was repeated thrice. The Zn concentrations sprayed were 0, 20, 40, 60, 80, and 100 mg•L −1 , and the corresponding samples were labeled as CK, Zn1, Zn2, Zn3, Zn4, and Zn5. After 7 days of Zn treatment, the physiological and photosynthetic characteristics were measured.
Determination of antioxidant enzyme activity
Fresh plant leaves (0.1 g) were placed in an ice-cooled mortar, and 1 mg•L −1 of 50 mM phosphate buffer (pH 7.8) was added. The leaves were ground on ice, transferred to a 1.5 mL centrifuge tube, and centrifuged at 12000 ×g for 15 min at 4 °C. The supernatant was extracted to determine the superoxide dismutase (SOD), peroxidase (POD), and catalase (CAT) activities.
The SOD activity was determined using the nitroblue tetrazolium (NBT) photoreduction method (Gao, 2006) . First, the NBT reaction solution was configured. The solution consisted of 50 mM phosphate buffer (pH 7.8), 13 mM L-methionine, 0.075 mM NBT, 0.002 mM riboflavin, and 0.01 mM EDTA. Then, 5 mL of the reaction solution was added to the blank and control tubes. A portion of 50 μL of the supernatant was taken from the test tube and mixed with 5 mL of the reaction solution. The control and test tubes were illuminated for 20 min under 4000 lx light conditions at 25 °C. The absorbance of the irradiated solution was measured at 560 nm, and a non-irradiated complete reaction mixture served as a control. The result was calculated by inhibiting 50% of the NBT photochemical reduction as an enzyme unit. SOD activity was presented as the number of units per gram of fresh weight (U/g FW).
The POD activity was determined by the guaiacol method (Gao, 2006) . The supernatant (5 μL) was mixed with 3 mL of the reaction solution containing 3 mL of 0.1 mM phosphate buffer (pH 6.0), 28 μL of 30% H2O2, and 19 μL of guaiacol (0.1%). The absorbance of the complete reaction mixture was measured at 470 nm, and the 0.1 mM phosphate buffer (pH 6.0) served as a control. The change in absorbance every 3 min indicated the POD activity. The CAT activity was determined by the UV absorption method (Gao, 2006) . The supernatant (50 μL) was mixed with 3 mL of the reaction solution containing 2.7 mL of Tris-HCl buffer (pH 7.0) and 50 μL of 200 mM H2O2. The absorbance of the complete reaction mixture was measured at 240 nm. The decrease of 0.1 by A240 in 1 min was the enzymatic activity unit.
Determination of lipid peroxidation
The MDA content was determined by the thiobarbituric acid (TBA) spectrophotometry method (Zhao et al., 1994) . Fresh plant leaves (0.4 g) were placed in an ice-cooled mortar, and 5 mL of 0.1% trichloroacetic acid was added. The leaves were ground on ice, and 5 mL of 0.5% TBA was added. The ground leaves were transferred to a 15 mL centrifuge tube. After boiling in water for 15 min, the leaves were cooled to room temperature and centrifuged at 3000 ×g for 15 min. The absorbance of the supernatant was measured at 560 nm and 600 nm.
Determination of photosynthetic pigment content
The pigment contents of the leaves were determined using acetone extraction. Fresh plant leaves (0.1 g) were extracted in 10 mL of acetone (80%, v/v) and stored in the dark for 24 h (Gao, 2006 
Determination of photosynthetic gas exchange parameters
The Pn, transpiration rate (Tr), intercellular CO2 concentration (Ci), and stomatal conductance (Gs) were measured using a CI-340 portable photosynthesis system (CID Bio-Science, Inc., USA, Fig. 1 ). The seedlings with uniform growth were randomly selected from each pot, and the photosynthetic gas exchange parameters were measured at 9:00-11:00 am on the 7th day after spraying the ZnSO4•7H2O solution. Photosynthetically active radiation (PAR) at the leaf surface was approximately 1000 ± 50 μmol/m 2 /s. The temperature in the leaf chamber was 38 ± 2 °C, and ambient CO2 concentration was 420 ± 30 μmol/mol. 
Determination of chlorophyll fluorescence parameters
Actual photochemical efficiency (ΦPSII), photosynthetic electron transport rate (ETR), photochemical quenching coefficient (qP), non-photochemical quenching coefficient (qN), and maximum photochemical efficiency (Fv/Fm) were measured using a portable chlorophyll fluorometer PAM-2500 (Walz, Germany, Fig. 2 ). Prior to measurements, the leaves were first treated in the dark for 30 min, and a beam of measurement light (less than 0.1 μmol) was irradiated on the fully dark-adapted leaves to obtain the initial fluorescence Fo. Then, saturated pulsed light (8000 μmol m −2 s −1 ) was turned on to obtain the maximum fluorescence Fm under dark adaptation (Marwood et al., 2001) . Afterward, the endogenous actinic light (600 μmol m -2 s -1 ) was turned on. When the actual primary light energy capture efficiency ΦPSII had stabilized, the action light was turned off, and the far-infrared light was illuminated (Schreiber et al., 1986 (Schreiber et al., , 2003 . The ETR was automatically calculated by the instrument (Mayer et al., 2008) . The different parameters were calculated as follows (Eqs.4-7):
Statistical analysis
The data were plotted using Microsoft Excel and analyzed by ANOVA using SPSS 17.0. Duncan's test (P < 0.05) were used to determine the significance of differences between treatment means.
Results

Effect of Zn on the antioxidant enzymatic activity of foxtail millet
After Zn treatment, protective enzymes SOD, POD, and CAT in both cultivars increased first and then decreased with the increase in Zn concentration, and the level of change in these enzymes differed between the cultivars and among periods ( Figs. 3-5 ). Among the three protective enzymes, Zn treatment of the same cultivars reached maximum effect in Zn2 and reached a significant level compared with the control (P < 0.05). However, in 'Zhangzagu10', no significant difference in CAT was found between the control and Zn2 treatment during the SL stage ( Fig. 3) . However, the three enzymatic activities were lower in Zn4 than in CK, and the change was more obvious after Zn5 treatment. Figures 3-5 show that Zn treatment of the two millet varieties was most obvious at the BT stage.
Compared with CK, during the BT stage, after 7 days of Zn2 treatment, the SOD, POD, and CAT activities of 'Jingu 21' increased by 28.2%, 61.1%, and 35.1%, respectively. By contrast, the corresponding values of 'Zhangzagu 10' increased by 11.3%, 15.5%, and 10.6%. After 7 days of Zn5 treatment, compared with CK, the SOD, POD, and CAT activities of 'Jingu 21' decreased by 17.2%, 20.4%, and 16.8%' respectively, while those of 'Zhangzagu 10' were reduced by 11.7%, 12.1%, and 12.6%' respectively (Figs. 3-5). 
Effect of Zn on the MDA content of foxtail millet
The trend of MDA was opposite to that of the protective enzyme activity. The MDA decreased first and then increased with the increase in Zn concentration. MDA content reached minimum in Zn2 and then gradually increased until Zn4 treatment, during which the MDA content was higher than that in CK. Figure 4 shows that the MDA content had the greatest impact during the BT stage.
Compared with CK, after 7 days of Zn2 treatment, the MDA activities of 'Jingu 21' in SL, BT, FE, and FL were decreased by 26.0%, 35.9%, 15.4% and 13.3%, respectively, while those of 'Zhangzagu10' were reduced by 14.2%, 16.7%, 11.7% and 10.7%, respectively ( Fig. 6 ). 
Effect of Zn on the pigments of foxtail millet
The average amounts of pigments in the leaves as affected by spraying period and spraying concentrations are presented in Tables 1 and 2. The pigment contents in the leaves of foxtail millet increased with increasing Zn concentrations until Zn2. However, the pigment contents declined at Zn4 and Zn5 treatments, and the levels were even lower than those of the CK. Although both cultivars showed similar trends in the different stages, the degrees of increase or decrease of chlorophyll contents in the cultivars were not identical. Chlorophyll a, chlorophyll b, chlorophyll, and carotenoid were most affected by Zn treatment during the BT stage.
Compared with CK, during the BT stage, after 7 days of Zn2 treatment, the chlorophyll a, chlorophyll b, chlorophyll, and carotenoid of 'Jingu 21' increased by 27.1%, 36.7%, 28.9%, and 9.7%, respectively, while those of 'Zhangzagu 10' increased by 13.3%, 27.8%, 15.9%, and 8.0%, respectively.
In addition to the carotenoid during SL of 'Jingu 21', these pigments reached significant levels. After 7 days of Zn5 treatment, compared with CK, chlorophyll a, chlorophyll b, chlorophyll, and carotenoid of 'Jingu 21' decreased by 11.6%, 31.3%, 15.3%, and 7.7%, respectively, while those of 'Zhangzagu 10' declined by 6.5%, 23.5%, 9.6%, and 6.5%, respectively. These values almost reached significant levels (Tables 1 and 2).
Effect of Zn on the photosynthetic gas exchange parameters of foxtail millet
After Zn treatment, the Pn, Gs, and Tr in both cultivars increased first and then decreased with the increase of Zn concentration. The change in these indices differed between cultivars and among periods (Figs. 7-9). Among these three indices, Zn treatment reached maximum effect in Zn2 and then gradually decreased. From the Zn4 treatment, these indices were lower than CK and reached a significant level between treatments. Figures 7-9 show that the Zn treatment of the two millet varieties was most obvious during BT. During the BT stage, compared with CK, after 7 days of Zn2 treatment, the Pn, Gs, and Tr of 'Jingu 21' increased by 33.1%, 22.4%, and 20.0%, respectively, while those of 'Zhangzagu 10' increased by 19.9%, 10.5%, and 10.7%, respectively. After 7 days of Zn5 treatment, compared with CK, the Pn, Gs, and Tr of 'Jingu 21' decreased by 19.1%, 13.1%, and 16.0%, respectively, while those of 'Zhangzagu 10' declined by 14.6%, 7.7%, and 11.1%, respectively ( Figs. 7-9 ).
As the Zn concentration increased, Ci decreased first and then increased, which was opposite to the trend of Pn. Among the different Zn treatments for the same period, the reduction of Zn2 treatment was the most obvious. Figure 8 shows that, after Zn treatment, Ci had the greatest impact during the BT stage.
Compared with the control, after 7 days of Zn2 treatment, the Ci of 'Jingu 21' during SL, BT, FE, and FL decreased by 16.9%, 23.7%, 18.3%, and 13.8% respectively, while those of 'Zhangzagu 10' declined by 11.2%, 16.4%, 13.7%, and 9.5%, respectively ( Fig. 10) .
During BT, the Ci of Jingu 21 was as follows: Zn5＞Zn4＞CK＞Zn3＞Zn2＞Zn1. 'Zhangzagu 10' had the same trend. Although 'Zhangzagu 10' and 'Jingu 21' showed similar trends in the different concentrations, the degrees of increase or decrease in Ci for the cultivars were not same. Tables 3 and 4 show that the chlorophyll fluorescence parameters of foxtail millet increased with increasing Zn concentrations until Zn2. Then, at the Zn4 and Zn5 treatments, the chlorophyll fluorescence parameters declined, even lower than those at CK, except the values of qN. These indicators showed the greatest impact on millet during BT and had greater effect on 'Jingu 21' than 'Zhangzagu 10'.
Effect of Zn on the chlorophyll fluorescence parameters of foxtail millet
During BT, compared with CK, after 7 days of Zn2 treatment, the Fo, Fm, Fv/Fm, and Fv/Fo of 'Jingu 21' increased by 5.5%, 42.5%, 11.4%, and 50.4%, respectively, while those of 'Zhangzagu 10' increased by 4.9%, 27.6%, 7.6%, and 30.9%, respectively. After 7 days of Zn5 treatment, compared with CK, the Fo, Fm, Fv/Fm, and Fv/Fo of 'Jingu 21' decreased by 6.7%, 18.5%, 6.4%, and 18.3%, respectively, while those of 'Zhangzagu 10' declined by 5.2%, 13.9%, 4.3% and 13.1%, respectively (Tables 3 and 4) . Cao Compared with the CK, during the BT stage, after 7 days of Zn2 treatment, the Y2, ETR, and qP of 'Jingu 21' increased by 30.9%, 17.8%, and 23.1%, respectively, while those of 'Zhangzagu 10' increased by 15.0%, 9.9%, and 15.5%, respectively. After 7 days of Zn5 treatment, compared with those at CK, the Y2, ETR, and qP of 'Jingu 21' decreased by 25.8%, 10.2%, and 17.5%, respectively, while those of 'Zhangzagu 10' declined by 12.8%, 8.1%, and 15.2%, respectively (Tables 3 and 4) .
After Zn treatment, the qN in both cultivars increased first and then decreased with increase in Zn concentration, and the level of change differed between cultivars and among periods, which was opposite to the trend of qP. In this index, the Zn treatment of the same cultivars reached the minimum effect in Zn2 and gradually increased. The levels of both cultivars from the Zn4 treatment were both lower than those in CK and reached significant levels with each treatment. Tables 3 and 4 show that Zn treatment of the two millet varieties was most obvious during the BT stage.
Compared with CK, after 7 days of Zn2 treatment, the qN of 'Jingu 21' during SL, BT, FE, and FL decreased by 20.6%, 33.5%, 28.6%, and 13.7% respectively, while Cao et 3 and 4) . During the BT stage, the qP of 'Jingu 21' was as follows: Zn5＞Zn4＞CK＞Zn3＞Zn2＞Zn1, and 'Zhangzagu 10' showed a similar trend. 
Discussion
Effects of Zn on the physiological characteristics
Although Zn is a micronutrient necessary for photosynthesis and plant growth at low concentration, Zn becomes toxic when its concentration reaches a threshold level (Cunha et al., 2008; Lin and Aarts, 2012) . Jat et al. (2007) reported that Zn activates several antioxidant enzymes, such as SOD, POD, and CAT. Saeed et al. reported that SOD, POD, and CAT and free radical scavenging activities in cut-flowers remained maximum with the medium dose of Zn (6 mg Zn kg −1 ). Thus, Zn applied at 6-8 mg kg −1 imparted greater beneficial effects on growth, production, vase life quality, and antioxidative activities in gladiolus cut flower and further higher application rates Cao et (Tariq et al., 2013) . In this study, 40 mg·L −1 of ZnSO4•7H2O significantly increased the SOD, POD, and CAT activities of 'Jingu 21' and 'Zhangzagu 10' at different stages. However, 80 mg·L −1 of ZnSO4•7H2O resulted in SOD, POD, and CAT activities lower than those of CK ( Figs. 3-5 ). Moreover, 40 mg·L −1 of ZnSO4•7H2O significantly decreased the MDA content, but 80 mg·L -1 of ZnSO4•7H2O increased the MDA content higher than that of CK ( Fig. 6) .
Zn plays an important role in the anti-lipid peroxidation of millet. The suitable Zn concentration can alleviate the peroxidation of membrane lipids and improve the antioxidant activity of foxtail millet (Kakade et al., 2009; Maurya and Kumar, 2014; Hajiboland and Beiramzadeh, 2008) . Therefore, the application of a suitable concentration of Zn to foxtail millet will help improve its resistance to stress. The mechanism of the effect of Zn on energy metabolism needs further study.
Effects of Zn on pigments
Pigment is the most important part of photosynthesis. This parameter can reflect the ability of plant light energy conversion to a certain extent, and it will also protect the normal operation of photosynthetic apparatus to some extent (Nouet et al., 2011) . The main factors in the pigments are chlorophyll and carotenoids, and Zn can prevent the oxidation of pigments (Cakmak 2000; Cherif et al., 2010) . Pongrac et al. (2009) reported that an appropriate amount of Zn can increase the chlorophyll content of leaves, but excessive Zn reduces the chlorophyll content of leaves. This experiment shows that low concentration of Zn can increase the pigment content, while high concentration treatment will inhibit the pigment content. In 'Jingu 21', the pigment content was as follows Zn2 > Zn1 > Zn3 > CK > Zn4 > Zn5, and 'Zhangzagu 10' showed a similar trend (Tables 1 and 2) . Excessive Zn affected the growth of the seedlings, causing a significant decrease in photosynthetic pigment content and yellowing of the leaves. This phenomenon may be due to the antagonistic effect of Zn and iron metabolism in plants, and the excessive Zn content inhibited the absorption of iron by plants (Wirén et al., 1996) . Thus, an appropriate amount of Zn concentration can effectively increase the pigment content of the leaves (Kumar and Arora, 2000) and delay the rapid senescence of the foxtail millet.
Effects of photosynthetic gas exchange parameters
Photosynthesis plays a very important role in plants. This process is the source of plant yield, which is related to plant growth and development. This process involves photoreaction and carbon reaction to convert carbon dioxide and water into organic matter and oxygen, which are the basis for plant survival (Baron et al., 1995; Yruela, 2005) . The Pn, Gs, Tr, and Ci are important indicators to affect the photosynthesis. Fernàndez-Martínez et al. (2014) reported that the photoprotective and antioxidant responses were enhanced with increasing Zn concentration, but high Zn concentration produced high toxicity levels for both clones and resulted in impaired biomass production, photochemical processes, and photosynthesis. The results showed that Zn treatment could increase Pn, Gs, and Tr and reached maximum levels in Zn2, gradually decreased. From the Zn4 treatment, these three indices were both lower than those at CK, but Ci showed an opposite trend of Pn (Figs. 7-10) . Although the trends are similar at all times, but the degrees of increase or decrease were not the same. In summary, Zn had a regulatory effect on plant photosynthesis and exhibits different effects depending Cao et 
Effects of chlorophyll fluorescence parameters
The chlorophyll fluorescence parameter is a set of variables or constant values used to describe the photosynthesis mechanism and photosynthetic physiological state of plants. This parameter reflects the "inherent" characteristics of plants and regarded as an intrinsic probe to study the relationship between plant photosynthesis and environment (Lahive et al., 2012) . Information on the donor side, receptor side, and reaction center of PSII can be obtained using the chlorophyll fluorescence induction kinetics curve (Appenroth et al., 2001; Wen et al., 2002) . Fv/Fm represents the primary light energy conversion efficiency of PSII. Previous studies suggested that Fv/Fm is a sensitive indicator of plant photoinhibition under stress conditions. This ratio is a measure of the maximum ability of primary light energy capture, reflecting the potential maximum photosynthetic abilities of plants (Krivosheeva et al., 1996) . Fv/Fo represents the potential activity of PSII, which is more sensitive in reflecting changes in photon conversion efficiency during leaf senescence (Krivosheeva et al., 1996) . In this study, the Fv/Fm and Fv/Fo values increased first and then decreased with the change in Zn concentration, indicating that low Zn concentration can enhance photosynthesis, but high Zn concentration can cause photoinhibition of foxtail millet or damage PSII complex. Y2 reflects the quantum conversion efficiency of photosynthetic electron transport and is the efficiency of PSII light energy capture in case of PSII reaction center shutdown (Longstaff et al., 2002) . ETR reflects the apparent electron transfer efficiency under actual light intensity conditions (Longstaff et al., 2002) . The results of this experiment indicate that as the Zn concentration increases, Y2 and ETR increased and then decreased. This phenomenon indicated that the low Zn concentration can enhance photosynthesis, but high Zn concentration inhibition of photosynthesis decreased the actual quantum yield of the PSII photosynthetic reaction center ( Tables 3  and 4 ).
Photochemical quenching (qP) reflects the quantity of light energy absorbed by the PSII antenna pigment for photochemical electron transport. This parameter is a measure of the oxidation state of the original electron acceptor (QA). This parameter represents the proportion of the open part of the PSII reaction center, which can reflect the electron transfer rate of the electron photosynthetic chain and its efficiency in CO2 fixation (Mu et al., 2016) . Under the experimental conditions, 40 mg·L −1 of ZnSO4•7H2O significantly increased the qP of 'Jingu 21' and 'Zhangzagu 10' in different stages. However, from 80 mg·L −1 of ZnSO4•7H2O, the qP was lower than that of the control (Tables 3 and 4) . This result indicated that the low Zn concentration strengthened the electron transfer activity of PSII, while high Zn concentration decreased the open part of the PSII reaction center, which hindered the photosynthetic electron transfer. The parameter qN reflects the portion of the light energy dissipated in the form of heat that cannot be used for photosynthetic electron transport in the light absorbed by the PSII antenna (Mu et al., 2016; Mikulic and Beardall, 2014) . The results showed that qN increased first and then decreased with the increase in Zn concentration. This parameter indicated that Zn concentration had an inhibitory effect on the heat loss of millet light energy. This process is beneficial to the accumulation of dry matter in foxtail millet. Cao 
Conclusions
In summary, low Zn concentration could promote plant growth and enhance plant antioxidant capacity and photosynthesis. However, high Zn concentration inhibited plant growth and leaf photosynthesis. 'Jingu 21' changed more than 'Zhangzagu10'. The combination of optimal Zn spraying period and spraying concentration for the foxtail millet growth was BT and 40 mg·L −1 of Zn. Thus, a theoretical basis for the safe application of Zn fertilizer on foxtail millet is provided.
The study did not test a larger number of genotypes cultivars and more soil fertility conditions because of the limited experimental conditions. The numbers of test materials and test sites were not sufficiently comprehensive. Multiple materials, multiple points, and multiple years of tests are required to provide a clear direction for the subsequent research.
